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"!'l}ccxploratiol]  oftl]csolar systc]]l is~]o\v cetltercd aroL]r]d lI]c)bilc stlrfacc cxr)loraticlrl.  Marlyprofrcrscd  rrlissions forsorfacc  and
a[fl]osl~l]cricrescarcl]  crflcn allo~volllyo!]ccllat~ccto rc[ricvc  rtatainasinglc,  prcdctcrl~}incd spol. Autononmus  rcrfrcrlic hallrrrrns,
Iinolc’11 as acrobrrts, prrrvidc an ooobstructcd,  prcdic[ablc  means of visiting (and rcvisitinp,)  many location< along  a planet’s surface
over ancxlcndcd  pcrirrdoftinle.  “]hroogh  the usc crfprcvailia~  wind pattcmsand  altiludc  control systc m<, an acrobo[ has the ahilily
t(lprcctict  andlcarn  howtorcacll  atarg,cl  loca[icm. Itissclf-lcarl] ilip, andsclf-sostain  iop.. Anacrobot will have niorctlmnonc
(l~~pori~jllity topcrfortrl an]ar]cu\,cr  r]ccdcd tovic\v gec)lcl~,ical fcattlrcs, takcc!]~rirclrl lllct]lal  rcadirl~,s, orrcach  adcsip,natcd laodin:,
site. lirrtllglotral (e.g. wind pattcrns)alld  prccisc (c g ground saniple ana]ysis)rcscarch  can bc cooductcd  over ancntirc plancl  An
acrobcrt also pmvidcs  the opportunity to arraly~c an area multiplctirncs and recover from previous Irirjcctory  prohlcn)s. Acrobots  arc
(lc.fillcd al]dcl]araclcr  izcdhyhavitlg otlcornlorc oftt]cf(ll l()\vil]g  ct]ractcrislics:  l)aLllor]otllolts  dctcrl]]inatio[  lofl~(}sitiot~a!~d
velocity; 2)cyclic altitodcpath aboot amcan  altilLldc;3)cc)l]trcJl  rrfaltitodc and flip,ht path; and4)crrntrol c~flarldirlg at:idcsigtlatcd
surface krcation.

“Ibis paper discusses IIIC desi~,n and deployment of tbc Platlctary  Acrobot’1  cslhcd (1’A’I ), a flying tcstbcd for acrobot technology.
“Illcpri!]iary  ]>ur})oscofl’til istodcvclop tl]ctclcr(Jbotic  tcclJrlologics  ilcccssa!y  to fly Acrollc)ls  il]tllc alnlospllcrcs  of Mars, VcI~us,
‘I’itao, andthcoutcr planets. Ir~addilioo,  PAl \villalso dc[t~o[]stratc t~ewscicllcc  tcctl[~iqtlcs stlct~as itT1agir~g fr[)]]]ar]1oi,i]~g
balloom  ‘l”hcl’A’1  vct]iclc  \villco]ldLlct ascrics  oftcllcstrial tccll!lo]ogy  dcnlc,rlstratior] s\vt]icll\\fil]: I)nlovcgradoall yfron]rrianual
tclc{~l~cratcd  coJ~trol oftt]crobcjtic \,clliclc to fi]llya~lt[~tlol]  l(~t]saltitt]dc  cllal]~,c and lar)dings; 2)achicvc  ir]crcasirlgly  l{, fl~-rarlgc
nlobility fronlividcly scparakd  ia(lllch  ar]dlar)ding  sitcs(lir>t predicted  sitcsf[ltlc~\vcd  bydcsigl~atcd  si\cs).

“1’hc l’Al design consists of four prinlary  functional systcn)s (see a//</c/lcf/fig,/r(.\).  tlw Ilooyancy  (’ontro!  System (I K’S),  Radio
l`rcq~]cl]cy  Syslcr]ls (l<l'S),  Robotic  (`c>ltlrc,llcr  Systc!t] (lLC`S), a[ldl'A"I" ()l~cratiot\s Systcil~(I'0S).  lhc}K’Sprcrvidc sthclif land
booyar]cy cootrolcapahili(y.  ltiscor]lpc~scd  ofan]airl ballcJot~( 10kg.  ofhclitlr]]),  asccorldaryb alloor]( rcvcrsiblef  l~tid),prcssllrc
VCSSCI andvalvcs,  and ahcatcxchangcr.  in addition, rcco\,cry  syste]]ls\vo~llcl  inc!udc:  a cutdow’n dcvicc,  deflation dcvicc,  and
paracllutc,  lt]c RISsystcrrl,t  tlcacrc~tlott  clcr]tctrys tlt>sys(ci\\,t iscsali]~c-of-siglltr  ad]ot(,t rartsrr]ito ll-boardG l> Srcadillgs,alorlg
\vitlisalcll itcdata tclcphol]cs  forsite-to-sitc (tracking,  la~ll]ct], alJd JI'I.)data trar)srr]issiol].  ‘I”hcrcrboti ccontrollc  rwillbccornposed
ofan Intel x86arc]litccturc,  ronningthc VxWorks  rcal-tinl copcratirj  gsystcrr~.  It \vill pcrfcrrm  a oumbcrofon-board fotictions,

ir~cltldirlg  val\,cco[]trol, pot\, crsubsys~crl\ !liol\itorit~g,  al~di]ltcrl~rctatior]  ofllplil]k coltllr]atlds.  Grcrorld opcratirrns andvisonlization
\vitl bc pcrfonllcd  by the operations syslcrn, aprcdictivc display and conlrol  workstation. “Ibis workstationw ill collect and monitor
all fligtlt data, arldusc  tllisdata to IJrcdict  arldnlodclttlc I'Al trajectory.

'll]cl'Al  ̀ got~dola systcrlI  istllct]cjttsillg  slrllctLlrc  for  I'A'l  instrunlcnts.  "l'ofacilitatc fut~lrc ir~s\r(lr]\ct~ts  al\dnaviF,ation  sc]~sors, this
sil]lplc  irlstrt]t]lctlt  packagc isdcsigrtcd  forrapid additior]/rcl]loval  ofon-board  scr]sors  at]dcflicicrlt electrical  iolcgration.  Initially, it
wmuld hoosc asuitcofnavigation scnsoisj such asprcssorc,  airspccct, accclcratioo,  rate gyro, imager,  sorr-scosor, and magnclic
indicators. I:ron~thcsc  sctlsors, a]iLln]bcr  ofcstinlalors \vo~lld bcdcrivcd,  i[lcllldir]p,  vcrlical  r]~otioi~, platforl]~ atti~L]dc, inertial
tral]slation,  ground motion, and srrn-sensor. ‘1’hcsc oavigatioll  cstirnators would bc used for autonomous slate dctcnliination  and
sobscqucn  tpathprcdic,tio nandplanoing  lhcscicllcc dcl]lollslration  ca!llcra wol]ldalso cxtcrld  frolllthc gondola  t]oLlsirlg s[ructurc,
This carncra would bc used to dcmrmstratc  ncw techncrlogy options, inclodinS  cxfrosurc required for high dynamic range, cxposrrrc
rcqLlircd forhigt] resolution,  alldc~cctivcr]css  ofswirip]spa[]  tir]lil]g. “Ihctolal [lla$softl]e go[ldola  arldhoLlscd ir]strutl~c[~ts  is not to
exceed IO kg.,

'l"llccarlicsl proposed laur~ch datcfor t}lc PAl"vehiclc would  bcNovct~~bcr/I)ccerJ\bcr,l996.  ‘I’histim clincishcavil ydcpcndcr  don
p,oodlprcdictablc  weather at the dcsi.gnakd  launch site, as well as on-time completion ofsystcms  tcsls.
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